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NO (54) TOle: SYSTEMS AND METHODS FOR GENERflnNGT^ MO^ 

^ (57) Abstract: ^ faeseni^^n^n relates to s^su^ conditions to 

>W?S1^^ for creating Jighting fotmes for producing light in desirable and 

:W repoduci ible colors^andfor mo color sbatetf^^ range after a Kghting 

;J> fixture is constructed. In one embodiment, LED lighting units capable of generating light of a range of colors areused to provide 
^ light or supplement ambient light to afford lighting conditions suitable for a wide range of applications. 
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SYSTEMS AND METHODS FOR GENERATING AND 
MODULATING ILLUMINATION CONDITIONS 

Background of the Invention 
5 Human beings have grown accustomed to controlling their environment Nature is 

unpredictable and often presents conditions that are far from a human being's ideal living 
conditions. The human race has therefore tried for years to engineer the environment inside 
a structure to emulate the outside environment at a perfect set of conditions. This has 
* involved temperature control^ air quality control and lighting control. 
10 The desire to control the properties of light in an artificial environment is easy to 

understand. Humans are primariry visual creatures with much of our communication being 
doiie visually. We can identify iuiends and loved ones based on primarily visual cues and 
we c*^ mediums, such as this printed page. At the same 

time, the human eye requires light to see by and our eyes (unlike those of some other 
15 creatures) are particularly sensitive to color. 

With today's ever increasing work hours and time constraints, less and less of the 
day is yd&'j^)ft&'vteN8P human outsidi? in natural « addition, htimans 
spend about a third of their lives asleep, and as the economy increases to 24A7/365, many 
employees no longer have the luxury of spending their waking hours during daylight 
20 Therefore, most of an average human's life is spent inside, illuminated by manmade sources 
ofligbt 

Visible fight is a collection of electromagnetic waves (electromagnetic radiation) of« 
different frequencies, each wavelength of which represents a particular "color" of the light: 
spectrum. Visible light is generally thought to comprise those light waves with wavelength 
25 between about 400 and about 700 nm. Each of the wavelengths within this spectrum 
comprises a distinct color of light from deep brae/purple at around 400 nm to dark red at 
around 700 nm. Mixing these colors of fight produces additional colors of light The 
distinctive color of a neon sign results from a number of discrete wavelengths of light 
These wavelengths combine additiyely to produce the resulting wave or spectrum which 

30 s^niakes*^ "' ' 

•of Unimportant > 




L 1 ofllight, there have aisen m^tiple techniques for ch^terization of 



multiple 
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white light that relate to how human beiri^^^ The first of 

these is the use of OTlor temp 

Correlated color temperature is characterized in color reproduction fields according to the 
temperature in degrees ^Kelvin (K) of a black body radiator which radiates the same color 

5 light as the light in question. HG. 1 is a chromatidty diagram in which Planckian locus (or 
black body locus or white line) (104) gives the temperatures of whites from about 700 K 
(generally considered the first visible to the human eye) to essentially the terminal point. 
The color temperature of viewing light depends on the color content of the viewing light as 
shown by line (104). Thus, early morning daylight has a color temperature of about 3,000 K 

10 while overcast midday skies have a white color temperature of about 10,000 K. A fire has a 
color temperature of about 1,800 K and an incandescent bulb about 2848 It A color image 
viewed at 3,000 K will have a relatively reddish tone, whereas the same color image viewed 
at lOiOOOK will haVe a relativety has 
varying spectral content. 

15 ? T^ 

Commission Internationale de l'Eclairage (CIE) recommended a method for measuring the 
color rendering properties of light sources based oh a test color sample method. This 
method has been updated and is described in the CIE 1 3.3- 1 995 technical report "Method of 
M 

20 whi^ 

spectroradiometric measi^ement of the light source under test This data is multiplied by the 
reflectance speetriims of d converted to 

tristimulul^ The shift of these values with 

reject to a rcfeifehce Ught ^^erminedfor^A^^^ 
25 in 1^ by the to generate the 

General Color Rendering Index, known as C^ the CRI is scaled 

so that a perfect score equals 100, where pe^ source spectrally equal to 

the reference sou^ 

halogen source compared to <uU spect^^ 
30 v/ti^&fkM^ 

light. If a light yields a high CRI compared to full spectrum white light then it is considered 
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to generate better^quality white, Hgfct Oight that ^ and rabbles colored 

surfaces to be better rradCTed^ been used since 1965 as a point of 

comparison for ^ 

The correlated color temperature, ^ affect the way in 

5 which an observer perceives a color, image. An observer will perceive the same color image 
differently when viewed under lights having different correlated coIot temperatures. For 
example, a color image which looks normal when view^ in early morning daylight will 
look bluish and washed out when viewed undo- overcast midday skies. Further, a white 
light with a popr GRI may cause 
10 The rolor temperature and/or ^ ci^torejpf images,- such as 

photographer^ film and televw to the viewers of 

paintings, photographs, and pther such images. Ideally, both creator and viewer utilize the 
same color of amtt^ 
matches that of the creator. 
15 Additionally, color tOTperatu^pf^bient light a 

k display, sudt^ items 
as fruits and vegetables, clothing, furniture, automobiles^ and other products containing 
v *dsual<el^ 
example*£a^ 
20 (even if the ovei^yi^ti^ 

cre^yiiand oft^ a little disgusting 
can^affecthom^ 

::;itiw ^ fabricrcpyered 

25 temperature condition which matches or closely approximates the conditions under which 
theitem wiU be^e>yed^puld|p^ 
and coordinate 

cannot b^/yaried and is often chosen tp highlight a^ partipulOTf a^^ item 

v Vfc - > jeaiving^ 

30 appearance under the tighting conditions .where the itemi^ill e^^tu^y^^ .placed* 
-v; vAi Bi^ item 
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will clash with other items that cannot conveniently be viewed under identical lighting 
conditions or otherwise directly compared. 

In addition to white light, the ability to generate specific colors of light is also 
highly sought after. Because of humans' light sensitivity, visual arts and similar 
5 professions desire colored light that is specifiable and reproducible. Elementary film study 
classes teach that a movie-goer has been trained that light which is generally more orange or 
red sigjnifies the morning, while light that is generally more blue signifies a night or 
evening. We have also been trained that sunlight filtered through water has a certain color, 
while sunlight filtered trough jgliass has a different color. For all these reasons it is 

10 desirable for those involved in visual arts to be able to produce exact colors of light, and to 
be able to reproduce them later. 

Current lighting technology makes such adjustment and control difficult, because 
common sources of light, such as halogen, incandescent, and fluorescent sources/generate 
light of a fixed color temperature and spectrum. Further, altering the color temperature or 

15 spectrum will usually alter other lighting variables in an undesirable way. For example, 
increaising the voltage applied to an incandescent light may raisethe color temperature of 
the resulting light, but also results in an overall increase in brightness. In the same way, 
placing a deep blue filter in front of a white halogen lamp will dramatically decrease the 

20 as it absorbs a large percentage of the li^ froniithe wWte H^itir 

- • : Moreover - achieving certain color conditions with inc^de^cent soiuxes carl be 
difficult or impossible as the desired color may cause the filament to rapidly burn out. For 
fluorescent lighting sources, the color temperature is controlled by the composition of the 

25 bulb. Thus, modulating color temperature of light is a complex procedure that is often 
avoided in scenarios wh^e such adjustment may be beneficial. v*'v 
■ - Sn^fitial lighting;^ 
v - Ughting fixture is desirable. - M 

<s^^^ 

vapor lamp). The use of filters on a lighting fixture does not enable a lighting fixture to 
produce a range of colors, it merely allows a lighting fixture to produce its single color, 
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which is then partially absorbed and partially transmitted by >the filter. Once the filter is 
placed, the fixture can only produce a single (now different) color of Sight, it still cannot 
produce a range. 

In control of artificial lighting, it is further desirable to be able to specify a point 
5 within the range of color producible by a lighting fixture which wilt be the point of highest 
intensity. Even on current technology lighting fixtures whose colors can be altered, the 
point of maximum intensity cannot be specified by the user, but is usually determined by 
unalterable physical characteristics of the fixture. Thus, an incandescent light fixture can 
produce a range of colors, but the intensity necessarily increases as the color temperature 
10 i inareases which does not enable control of the color at the point of maximum intensity. 
Filters further lack control of the point of maximum intensity as the point of maximum 
t ^intensitx of a lighting fixture will be the unfiltered color as any filter absorbs some of the 
intensity. ]..■■■;■ - 

15 > Summary of the Invention 

-Mxo. present invention relates to systems and methods for generating and/or ; ... 
modulating illumination conditions to generate light of a desired and controllable color, for 
creating lighting fixtiu^s for producinghght in desirable and reproduciblecolorSj and for 
< modifying the to^ 

20 within a prespecified range after a lighting fixt^^^ In one ;embodimra^ LED 

lighting units capable of generating fij^t ^ light or 

' ^applications. - > • ;>;*>■ r^oo i:-- ^-xmo^ -;^v-:-:--.- ,; :^yr-pt^ ■. 

25 9\yWte:light including^ plui^ity of 

producing electromagnetic radiation of at leas^ spectrum? (including 

em^dments wto a maximum 

> : : • -Impupn^g ^owingtthe spectriims .td so;;that tte:i^sulting ^^tt^mtis substantially 
30 ^continuous in the photopic response of the hxunan eye and/or iitfhe wavelengths fiopi 40ft 

o^3TO5t<S7j0^nm, - ■-. • &-r: . : -..n^) %&&&u-k z ? * W * ^ *re>£ v{:^^. • * f 
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In an embodiment, the lighting' fixture can includ illumination sources that are not 
LEDs possibly with a maximum spectral pdak within the region 510 nm to 570 nm. In 
another embodiment the fixture can produce white light within a range of color 
temperatures such as, but not limited to -the range 500K to 10,000K and the range 2300 K 
to 4500 K. The specific color in the range may be controlled by a controller. In an 
embodiment the fixture contains a filter on at least one of the illumination sources which 
may be selected, possibly from a range of filters, to allow the fixture to produce a particular 
range of colors. The lighting fixture may also include in one embodiment illuniihation 
sources with wavelengths outside the above discussed 400 nm to 700 nm range. 

In another embodiment, the lighting fixture can comprise a plurality of LEDs 
producing three spectrums of electromagnetic radiation with maximum spectral peaks 
outside the region of 530 nm, to 570 nm (such as 450 nm and/or 592 nm) where the additive 
interference of the spectnims results in white light The lighting fixture may produce white 
light within a range of color temperatures such as, but not limited to, the range 500K to 
10;000K and the range 2300 K to 4500 K. The lighting fixture may include a controller 
and/or a pitK^s^r for oontrolling the intensities of the LEDs to produce various color 
temperatures in the range. 

Another embodiment comprises a lighting fixture to be used in a lamp designed to 
take flubre^ illumination source 

(dft^n tWo or more) such as LEDs mounted on a mounting, and having a connector on the 
mounting that can couple to a fluorescent lamp and receive power from the lamp. It also 
cont^sacon^^ to 

^hfopthe^ 

"liie Bating fixt^ is ccmMtoed in ahousingi the housing could be 

-generally cylindrical in sfij^e, wad fcoh^ or 
Ir^lucent. 

<Aftbth&>^b^^ ali^tingfixt^ 
ineluding&pl^ , 
^is^ees ^ntaiti^ 

illumination sources producing spectrums of electromagnetic radiation. The component 
illumination source being mounted n a mounting designed to allow the spectrums to mix 
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10 



15 



30 



and form a resulting spectnim, wherein Uie resulting spectrum has intensity greater than 
background noise at its lowest valley. The lowest spectral valley within the visible range 
can also have an intensity of * least 5%, 10%, 25%, 50%, or 75% of me mteiisity of its 
maximum spectralpeak. The lightmg fixture niay be able to gen^ 
of color tenmeratures and may include a controller and/or processor for enabling the 
selection of a particular color in that range. 

Another embodiment of a lighting fixture could include a plurality of component 
^such as LEDs), the component illumination sources producing 
electromagnetic radiation of at least two ^ 

mounted on amounting designed to allow the spectrums to mix and form a resulting 
spectrum, wherein the resulting spectrum does not have a spectral valley at a longer 
wavelength than the maximum spectral peak within the photopic response of the human eye 
and/or in the area from 400 nm to 700 nm. 

Another embodiment comprises a method for generating white light including the 
steps of mounting a plurality of component iUumination sources producing electromagnetic 
radiationofat least two different spectrums in such a way as to mix the spectrums; and 
choosing the spectrums in such a way that the mix of the spectrums has intensity greater 
noise at its lowest spectral valley. 

Another embodiment comprises a system for controlling iUununation conditions 
20 Acto^ 

lightmgfcture. being constructed of a pluratity of component illummation sources (such as 
i FDs and or ook mi,llv ;0 f three di^^^ 

•r for specifying 
The controller could be 
computer hanlware or, computo software; a sensor such as, but not limited to a photodiode, . 
a radiometer,.a photometer, a coloimieter, a ^ 
interface such as, but not hmited to, a shder, a oMal, a joystick, a tr^kpa^ 
Theprocessor could include a memory (such as* database) of predetermined color 
cond1ti>nsiandA)^ 

a color sDectnm,, a cnlnr .^^h,^ _ or achromaticity 




25 
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In another embodiment the System could include a second source of illumination 
such as, but not limited to, 2t florescent bulb, ah incandescent bulb, a mercury vapor lamp, a 
sodium vapor lamp, an arc discharge lamp, sunlight, moonlight, candlelight, an LED 
display system, an LED, or a lighting system controlled by pulse width modulation. The 

5 second source could be used by the controller to specify illumination conditions for the 

■'.•> 

lighting fixture based on the illumination of the lighting fixture and the second source of 
illumination and/or the combined light from the lighting fixture and the second source could 
be a desired color temperature. 

Another embodiment comprises a method with steps including generating light 

10 having color and brightness using a lighting fixture capable of generating light of any of a 
range of colors, measuring illumination conditions, and modulating the color or brightness 
of the generated light to achieve a target illumination condition The measuring of 
illumination conditions could include detecting color characteristics of the illumination 
conditions using a light sensor such as, but not limited to, a photodiode, a radiometer, a 

1 5 photometer, a colorimeter, % spectral radiometer, or a camera; visually evaluating 
iUumination conditions; and modulating the color or brightness of the generated light 
includes varying the color or brightness of the generated light using a manual interface; or 
measuring illumination conditions including detecting color characteristics of the 
-illibnioiati€>n obn^tioxtis^ uiniis W lisbt seiisoiv and modulating the color or brightness of the 

20 generated tij^ ihtf ^ Ae fcolor or bnghthess of the generated light using a 

processor until color characteristics of the illumination conditions detected by the light 
sensor mMch color chiaratteri^ of the target illumination conditions. The method could 
include selecting a target illumination condition such as, but not limited to, selecting a 

y T v 

25 range and selecting a color within the color range. The method could also have steps for 
providing a second source of illumination, such as, but not limited to, a fluorescent bulb, an 
incandescent bulb, a mercury vapor lamp; a sodium vapor lamp, an arc discharge lamp, 
^ system 

30 Mbliki^ 
illumination. 
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In another embodiment modulating the color or brightness of the generated light 
includes varying the illumination conditions to achieve a target color temperature or the 
lighting fixture could comprise one of a plurality of lifting fixtures, capable of generating 
a range of colors. 

In yet another embodiment there is a method for designing a lighting fixture 
comprising, selecting a desinxl range of colors tp be produced by the lighting fixture, 
choosing asdected*eoloi;of light to be produced by the Ugh^g fixti^ when the lighting 
fixture is at maximum intensity, and designing the lighting fixture from a plurality of 
illumination sources (such as LEDs) such that the lighting fixture can produce the range of 
colors, and produces the selected color when at maximum intensity. 

Brief Description of the Figures t . 

The following figures depict certain illustrative embodiments of the invention in 
which like reference, like elements. The^e depicted embodiments are to be 

understood as illustrative of the invention and not as limiting in any way. Theinyention 
wilbl^ ^recia^ted more folly from the following f^^ de^ption thereof, with reference 
to thetacpmpanying^ <^ 

A-,;, ; f|GK ? depicts an embodiment of a U^tog fixture suitable foruse in tWs-myCTtion. 
||Cj.[3 depicts the use of multiple^ qnbodlment of 

;.,:the.inV^Qlh,,^.-b ..tt^U^Ti, , :; ,. • '. \i , : .; .^ < - ! .>.-:. . • ; . 

- FIG; 4 d^<^ an wnbp^ent of a housing for use in oiie erpbodiment of this 

^IQ^MltiQn.^,; J&-£;i*TJ; fl'-V-? , • ;^fe:p.,[^^^iv\/v:;:.;- : . ; , ., . • - , 

K :^ : \¥ one ^bodiment 

of this invention, r-u VVrV- : 

; : H a 
lighting fixture enable of p a desii^spectnun. ,. . ... , .. f 

> FJCJ. 7 .shows an emtodiment for calibrating or controlling the light fixture of the 

;i , J^.^ fightog fixture of this 

invention. 
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FIG. 8bshowsbne embodiment of the control of a lighting fixture of this invention 
in conjunction with a second source of light. 

FIG. 9 shows an embodiment for controlling a light fixture of the invention using a 
computer interface. 

5 FIG. 1 0a shows another embodiment for controlling a lighting fixture of this 

invention using a manual control. 

FIG. 10b depicts a close up of a control unit such as the one used in FIG. 10a. 
FIG. 11 shows an embodiment of a control system which enables multiple lighting 
control to simulate an environment 
10 FIG1 12 depicts the Cffi spectral luminosity fimction VX which indicates the 

receptivity of the human eye. 

FK3M3 depicts i^ectral distributions of bla^ sources at 5,000 K and 2,500 K. 
FIG. 1 4 depicts one embodiment of a nine LED white light source; 

15 LEDs and producing 5,000 K white light • ;J>V.^..r-u.-r , 

FIG. 15b depicts the output of one embodiment of a lighting fixture comprising nine 
LEDs ^ prochicihg 2£<ft ^wfat#Hght. 

FIG. 1 6 depicts one embodiment of the component spectrums' a three LED light 

%vf '^ : ^Bk^a^' ri - 'z^^i'-^ki- • ■ : - - r^K-^-v h.:--- - ' * - ■ ' 

20 FIG. 17a depicts the output of one embodiment bf#^ 

three LEDs and producing 5,000 K white light 

FIG. 17b depicts the output of one embodiment of a lighting^ fixture comprising 

FIG. 21a depicts the spectrum of FIG. 1 8 and^ the shifted spectrumf fiom passing the 
■. f- specto^ " 

FIG. 21b depicts the spectrum of FIG- 1 9 arid the sMfted ^ectrum fiom passing the 

30 
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FIG. 22 is a chromatidty map^^^ 
on a portion of temperature between 2^00 K and 4,500 K. Also shown is the light 
produced by two LEDsin one embodiment of the invention. 

FIG. 23 is the chromaticity map further showing the gamut of light produced by 
5 three LEDs in one embodiment of the invention. 

FIG. 24 shows a graphical comparison of the CRI of a lighting fixture of the 
invention compart to existing white Ught sources. 

HG.25< shows the luminous output of a lighting fixture of the invention at various 
color temperatures. 

10 o ^ FIG. 26a <^ pf one embodiment of a white light fixture according 

to the invention producing light at 2300K. 

light at 4500K. . v , , : v v s, • : - v-(> >.■■■,,.. i^.. ■ 

r of a compact fluorescent light fixture with the 

15 spectral luminosity function as a dotted line. - ^ft 

^ ^ fbrusing^ art 

FIG. 29 depicts one possible LED lighting fixture which co^d Re used to replace a 

FIG. 30 depicts one embodiment of how a series of filters could be used to enclose 
20 ^riifie^ 

Detailed Description of ithe ffl 

The description below pertains^ 

i/Utl^ 

25 variatipi^^ disclosure. Thus, 

;the*s^pe pfcthe Mention is noMp^IM^ma 

meanings; however, these ide^tii^?^ 

30 Thetem*TED"gsnes^ 
includes, but is riot 

light in response to a current, organic LEDs, electron luminescent strips, super luminescent 
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diddes (SLDs) and other such devices. The term LEDs does not restrict the physical or 
electrical packaging of any of the above and that packaging could include, but is not limited 
to, surface mount, chip-on-board, or T-packaige riiourit LEDs. 

"Illumination source" iricl^ sources, including, but riot limited to, 

5 LEDs; incandescent sources including filament lamps; pyro-luminescent sources such as 
flames; candle-luminescent sources such as gas mantles and carbon arc radiation sources; 
photo-luminescent sources including gaseous discharges; fluorescent sources; 
phosphorescence sources; lasers; electro-luminescent sources such as electro-luminescent 
lamps; cathode luminescent sources using electronic satiation; and miscellaneous 

10 hwninescent sources mdudiiig galvm^ 

kine^luminescent sources, thenno-luminescent sources, tribb-lumiriescent sources, sono- 
luminescent sources, and radio-luminescent sources. Illumination sources may also include 
luminescent polymers. An illumination source can produce electromagnetic radiation 
within the visible sp^firurri, outside4he visible spectrum^ or a combination of both. A 

15 coniponent illumination source is any illuiiairiation source that is part of a lighting fixture. 

illumination source for the purposes of providing illumination, 
do^ 

20 

^tromfe^^ ofthe light Goloriis 

rut either t^ and aitowhite 

^ flj^ will generally refer to the spectra] ccmipbation 
25 ofacbmbinatioi^ 

refer to the hubian^^ 

intendedtO'lM 

30 £^*lightnfe^ Chie such modulation method is 
discussed in US Patent 6,016,038 the ratire disclosure ot which is herein incoipbrat^i by 

reference. The systems and discuss how to use and build LED 
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light fixtures or systems, or other light fixtures or systems utilizing component illumination 
sources. These systems have certain advantages ovct other lighting fixtures. In particular, 
the systems disclosed herein enable previously unknown controlin the light which can be 
produced by a lighting fixture. ^particular; the following disclosure ^iscusses systems and 

5 methods for the predetermination of the range of light; and type of light, that can be 

produced by a lighting fixture and the systems and methods for utilizing the predetermined 
range of that lighting fixture in.a variety of applications. 

To understand these systems and methods it is first useful to understand a lighting 
fixture which could be built and used in embodiments of this inyention. FIG. 2 d^ one 

10 embodiment of a lighting module which wuld be used in one embodiment of the iny oition, 
a lighting fixture (300) is depicted inblocfc^ 

includes two components, a processon(3 1 6) and a collection of component illumination 
sources (320), which is depicted in^FIG. 2 as an suray of flight emitting diodes. In one 
embodiment of the invention^ the collectio 
15 at least two illumination sources that produce diflfe 

component illummation sources (320) are (300)on a 

mounting (350) in such a;way that ^ 

sources is allowed to mix to produce a resultant the 
additive spectrum of the diSerent component iUumination so 2^thi^is;done 
20 \ my plying the atgiOTerallyxirculariar^ 
alsoibe;done in other any oth^ 
such>asialineofc^^ 
illumination soiro^^CMtebn?^ 
r^forrprocessing, for example; 4hose Aat^ 

25 

microprocessors, microcontrollers, programmable:^ 

circuits, computer software, computer hardware?. electrical circ^ts,{appti(^tion^e^fic 
integrated circuits^progranimabl^ prpgKBnmable>gateraiTaySi programmable 

l- :iarray logic; personal computers,}chips, and any other combination of discrete analog, 
30 ^gital;io^pre 

'V •• j „ ^functions.. : . : '^^S^^i^l^m^f^b ■■■?■>> o £ ; .-> c<- ^ . . 
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The collection of illumination sources (320) is controlled by the processor (316) to 
produce controlled illumination. In particular, the processor (316) controls the intensity of 
different color individual LEDs in the array of LEDs, composing the collection of 
illumination sources (320) to produce illumination in any color within a range bounded by 
5 the spectra of the individual LEDs and any filters or other spectrum-altering devices 

associated therewith. Instantaneous changes in color, strobing and other effects, can also be 
produced with lighting fixtures such as the light module (300) depicted in FIG. 2. The 
lighting fixture (300) may be made capable of receiving power and data from an external 
source in one embodiment of the invention. The receipt of such data being over data line 

10 (330) and powCT Ovd" power hne (340). The lighting fixture (300), through the processor 
(316), may be made to provide the various functions ascribed to the various embodiments 
of the invention disclosed herein. In another embodiment, the processor (3 16) may be 
rq>laced hy hard win type of control whereby the ligh^g fixture (300) 

prodiiciw biily a sm^ " v 

15 Referring to HG. 3i thfe li^tihg'fixtiire (300) may b^ constructed to be used eitfier 

alone or as paint df&set of siidi lighting*^ (300) 
of a set of lighting fixtures (300) can be provided with a data c^ 

more external devices, or, in c^ain embodiments of the invention, with other light modules 
(300): h^ii^ the term "data <x>nn encompass any 

20 *-3ps^ 

arirciii^ a DVD disc* a video tape, an audio tape, a computer 

t^s&^ 

25 the electromagnetic spectrum oi other energy transmission mechanism could provide a data 
connection as disclosed herein. In an embodiment of the invention, the lighting fixture 
(300) taay^be<^m^ btitin^ rommunicatibn, and 

the processor (3 16) may ^ i)mgraiM6d to control the communication capabilities in a 
- ^ data connection 

30 :(55D^frbk ^ of a 

/ &mh^ 
fixtur£(3^ 
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or method for transmitting data to the light fixture (300). The transmitter (352) may be 
linked to or be part of a control device (354) that generates control data for controlling the 
light modules<(300). In one embodiment of the invention, the control device (354) is a 
computer* such as a laptop compute The <^ntrol,49ta may be in ai^ ^t^le for 
5 controlling the processor (3 16) to control the coUectipn of component illummation source 
(320). In one embodiment of the invention, the control data is formatted ac^rding to the 
DMX-5 12iprotocol, and conventional software for generating DM?C-512 instructions is 
used on a laptop or personal computer as the control device (354) to control ^ Ugbtting 
fixtures (300). The h^ also be provided with memoiy, for ^ring 

10 instructions to control the proces^ so that the^gj^g^xti^<3p0) may apt in stand 
alone mode according to pr^prpgramm 
o me for^omg embody 

ofany number of different housings. Such, housin&is, hqwever, not necessary, 
lighting fixture (300) could be used without a housing to still form a A 
15 hoiising may provide for 1^ resultmt light produced and may provide protection 

> of theMghtingjfixtofe (300) and its components. A ho^g maybe inc^ded in a lighting 
fbctureast^ of 
: ^ The d^ict^^bc^^ 

compiles asubstantially cylindrical /body sec^ light^fixt^X?^* k 

20 

c^m^o^n^ (364) md, tfie { power 

modrte>(372)co^^ 

>^ or^d^ri^edin 
; ^ i^t#Sta^ 

m i ^h^^cpipor^ rSc^0mrm^)* 

apparatus to bemecbamc^ tdfee^jg^) and 

<@ 

such as ^uminum. ^Bo^ section (362) l^a^^ion end (361), a reflwtiw interior 

30 affixed tosmd;^ ^jbe.qpen,o^u^ne - 

^enlbodip^ E«t^3?l)^ybe aclear { filter, a 

^ or any othCTtypaof art In one 
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embodiment, the filter will be permanently attached to the body section (362), but in other 
embodiments, the filter could be removably attached: In a still further embodiment, the 
filter(391), need not be attached to the emission end (361 ) of body portion (362) but may 
be inserted anywhere in the direction of light emission from the lighting fixture (364). 
5 Lighting fixture (364) may be disk-shaped with two sides. The illumination side (not 
shown) comprises a plurality of component light sources which produce a predetermined 
selection of different spectrums of light. The connection side may hold an electrical 
connector male pin assembly (392). Both the illumination side and the connection side can 
be coated with aluminum surfaces to better allow the conduction of heat outward from the 

10 plurality of o>mpon^t li^t sources to the body section (362). 

(372y#giEbehdly disk shaped and may have eveiy available surface cx>ver^ 
aluminum for the same reason. Power module (372) has a connection side holding an 
electrical connector female pin assembly (394) adapted to fit the pins from assembly (392). 
Powd- module (372) has i power terminal side holding a terminal (398) for connection to a 

15 source of i^wer sfuch as ah AG or DC electrical source. Any standard AG or DC jack may 

Interposed between lighting fixture (362) and power module (372) is a conductive 
aluminum sleeve (368), which substantially encloses the space between modules (362) and 
(372). As showividisk^ (386) and 

20 ^(SSS^cffi^eialia 

interposed (378) and power module^ 

£ ^feti^ a^itutfthfc^ 

above and may bem ounted in any convenient 
2ST banner to illummate an ^ < ' k, 

be used in another embodiment of the invention The depicted embodiment comprises a 
loWCT^ 

^ H A|^fte^ 

30 known to the art, or a^^ting^fixmre described anywhere else' in this document. The 
^^^|l^gfetfep have a linear track of component 

? illumih^bh^evic^ (in t^ £EDs (5007)) although such adesigtf is not necessary. 
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Such a design is desirable for ^ an embodiment of the ^ however. In addition, the 
linear track x>£ ^congwnenfeiUumination sources in depicted in FIG 5a as a single track, 
multiple linear tracks could be used as would be understood by one of skill in the art In 
one embodimrat of theinvention, the upper body section (5003) can comprises a filter as 
was discussed above, or may be translucent, transparent, semirtranslucent, or semi- 
transparent Further shown in FIG 5a is the optional holder (5010) which may be used to 
hold the lighting fixture (5000), This holder (5010) comprises clip attachments (5012) 
which may be us^ 

aUgnmentofhghtingfi^ The mpunting.^lso 

contains attachment pla^^^^ may be attache^ ^ by 

any type of att^hmqit toown to the art whether pe^ or temporary. 

Attachmentp!ate45014)m^ apparatus to a surface such 

as, but not limited ^ a iw^l or cdhl^. 

In one embpd^ is generally cylindrical in shape 

when assembly (as shown in In 
addition, in one embodiment, the lighting fixture (5000) only can emit light through the 
upper body srctiofc^ Without a holder 

,(50J0},id^^^^ and 
rhdtiotf^ 

available colox^m^y^d may also,b^^irahle^o ^Idlig^gfixtui^ in 

:siichaway;:a&tomaxi^^ ^l 0 * 
theisimc&Mfc^ 
ibrture^ 

red, primary blue, and primary green (such as individual iLEDs)^^ 

fl^c^hofth^ 

produec^at^ 

fiUumiimt^^ vThere.cptJdbe 1Q of 

> |e^^|he£^^ blue cplored 

illtoiration ^ur^ 
for idifiet^tjpe^ 

^blucJight(tti^ ^>3^st«arces pfiMu^fight> than Aetjrst light source (which only has 1 0 
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primary blue light sources, the remaining 20 light sources have to be off to produce primary 
blue light), but is limited to nly producing primary blue light. The second light fixture can 
produce more colors of light, because the spectrums of the component illumination sources 
can be mixed in different percentages, but cannot produce as intense blue light It should be 
5 readily apparent from this example that the selection of the individual component 

illumination sources can change the resultant spectrum of light the fixture can produce. It 
should also be apparent that the same selection of components can produce lights which can 
produce the same colors, but can produce those colors at different intensities. To put this 
• andttier way,the full-bn point of a lighting fixture (the point where all the component 
10 illumination sources are at maximum) will be different depending on what the component 
iUuminatiori sources are. ^ - 

:Tii >; A lighting system may ac(^rdingly be specified using a full-on point and a range of 
selectable colors; This systein has may potential applications such as, but not limited to, 
retail display lighting and theater lighting. Often times numerous lighting fixtures of a 
i5 pMnality of different colors are used to present a stage or other area with interesting 

shadows and desirable featura/ however, because lamps used regularly 

have sirmlar intensities specify colors of those fixtures, 

due to differences in tra^ filters (for instance blue filters often loose 

v^g^^ intensity than redfilters); lighting fixtures must have their intensity 

20 controlled to Compensate! Fdr thii? reason, lighting fixtures are often operated at less than 

their full capability (to allow mixing) requiring additional lighting fixtures to be used. With 
*f tHe lifting fixtures of the instant invention; the lightiiig fixtures c^aii be designed which 
produce p^cular colors at 1 idefttical m^ 

~£6t<^^ options 
25 7 Jy for a Mghting design ^hdne. 

,v v; r a Such a system enables the person building or designing lighting fixtures to generate 
lights that can produce a :pi^ 

light at certain mo^^sii^l^cblbr These lighting fixtures would therefore allow a user to 

30 ^ feteiisity. The^ighting >fixtin^caii thldn be built so that<the intensitiesr at th^e colois are the 
^ user to sde^ili^tingfetures that 
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produce a particular high-intensity color of light, and also have the ability to select nearby 
colors of light in a range. 

The range of colors which cm be pr^ specified 
instead ot of in addition,to r the full-on point The lighting fixture then be provided 
with control systems that enable a user of the lighting fixture to intuitively and easily select 
a desired color from the available range. 

One embodiment of such a system works by storing Ae spectiums of each of the 
component illumination sources. In this example embodiment, the illiunination sources are 
LEPs. By sele<^g different wm^ 

define the colorrange of a ligh^fixtuye. An ea^y^ay to visu^ the colpt|angeisto 
use the CIE diagram which shows the entire lighting range of all colors of lighit which can 
lexist. One embodiment of a^rtem^proyides a Ught-authoring interface such as an 
interactive computer interface. FIG. 6 shows an embodiment of an interactive computer 
interf^e ending a user to of 
color a lighting fixture can produce. In FIG. 6 individual LED spwtra ^ 
and can be recalled from memory; to be used for calculating qolor control area. 

-The interface has several chamd*(502)^ * 
intensity slide bar (504) cand^ 

. lighting fixture, dThe color of each LEP presented on. a color chart such as a GEE diagram 

r^X5©8)|as^iK^ 

channel to create a se^ndyppmt (fp^f e^an^ ( A line 

^mixed tpjuroduce^di are usc^^ m 

i i((510> can be;plptted on the GTO diagram representing the possible combinations of the 

selected LEDs. Although the area (510) shown here is a polygpn of four a^ 
. .^ei^ood by one of 

: ^thany^ • . yv ^ c- v 

In addition to specifying 4he color range, the intensities at any given cplor can be 
calculated giyeqicplor and 

thetaaxinmi^ a particular color is 

4acd<^ 
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the color when all of the LEDs are on full brightness or the point may represent the present 
intensity setting. 

Because a lighting fixture can be made of a plurality of component illumination 
sources, when designing a lighting fixture, a color that is most desirable can be selected, 
5 and a lighting fixture can be designed that maximizes the intensity of that color. 
Alternatively, a fixture may be chosen and the point of maximum intensity can be 
determined from this selection. A tool may be provided to allow calculation of a particular 
color at a maximum intensity. FIG. 6 shows such a tool as symbol (512), where the CLE 
diagram has been placed on a computer and calculations can be automatically performed to 
10 compute a total number of LEDs necessary to produce a particular intensity, as well as the 
ratio of LEDs of different spectrums to produce particular colors. Alternatively, a selection 
of LEDs may be chosen and the point of maximum intensity determined, both directions of 
calculation are included in embodiments of this invention. 

In FIG; 6 as the number of LEDs are altered, thb maximum intensity points move so 
15 that a user can design a light which has i Maximum intensity at a desired point 

Thdrefbre the system in one embodiment of the invention contains a collection of 
thesp&bnu^ an interface for a user to select 

LEDs that will produce a range of color that encloses the desirable area, and allows a user 
to select ^ 
20 ^ 

spectrum, or color and inte^^ 
f c^uld^en 

Once the light has been designed, in one embodiment, it is further desirable to make 
*th#li^ above, 
25 the lighting fixture may have been chosen to have a p^ 

such that a-particular color is obtained at maximum intensity. However, there may be other 
colors that can be produced by varying the relative intensities of the component 
illumination sources. The spectrum of the lighting fixture can be controlled within the 
^f^iiSS^t^tM fti^ s^^ within the 

W tbe additive mix of the 

^^^^Tlto is necessary to alter 
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the relative intensities of (he componrat LEDs. This may be less than intuitive for the final 
user f the lighting fixture who simply wants a particular color, or a particular transition 
between colors and does not know the relative intensities to shift to. This is particularly 
true if the LEDs used do not have spectra with a single wettdetOTnined peak of color. A 

5 lighting fixture may be able to generate 100 shades qf orange, but how to g;et to each of 
those shades may require control. 

In order to be able to cany out such control of the spectrum of the light, it is; 
desirable in one embodimrat to create a system,^ method for linking the color of the light 
to a control- device for cbntrplhng. the light's cplor. Since a lighting fixture can be custom 

10 designed, it may, intone embodiment^ be desirable to^ Ae intensities of each of the 
component illumination sources "mapped- to a desii^le r^ul^t ^ecti^ of light and 
allowing a point on the map to be select That i^ a method wh^by, 

with the specification of a particular color of ^ fixture can 

turn on the appropriate illumination sources at th^q^ropriate intensity to create that color 

15 of light In one embodiment* the lighting fixhire^eagn softwat; shown in FIG. 6 can be 
configured in-such a way that item gene^ that can 

be produced (within the ara^ mate 
: up the lighting fixture. This m^pmg wiU generally take pile of two forais : > 1) a ^ 
k ;^le,o^^^ wouljl be known to 

20 oheof skiU m bo^^ 

*bove);oronboan^ on? of thpse known to the ai^ or described 

above, can be configured to accept the input of a user in selecting a ^ a 

• ]~>:mn fe ? This mappm^ methods. In one ^bodiment, 

25^if /^statistics are known about each individud>comp(Hi^t illumination sources witWn the 
>;iightmg fixture^ 

between the resulting spectrum and the component spectrums. Such calculations would be 

/Well^undc^tc^ skillin toe art ; ^ ; . : 

% f v i» , r tfn anGther;em^ used One layout of 

30 such&systemisdi^^ 

ri^toeytoCG^^ an additional 
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or alternative processor; The sensor (2034) measures color characteristics* and optionally 
brightness, of the light output by the lighting fixture (2010) and/or the ambient light, and 
theprbcessor;(2020) varies the output of the lighting fixture (2010). Between these two 
devices modulating the brightness or color of the output and measuring the brightness and 
5 color of the output, the lighting fixture can be calibrated where the relative settings of the 
component illumination sources (or processor settings(2020)) are directly related to the 
output of the fixture (2010) (the light sensor (2034) settings). Since the sensor (2034) can 
detect the net spectrum produced by the lighting fixture, lit can be used to provide a direct 
mapping by relating the output of the fig^ to the settings of the component 

10 • LEDs. .-• - ;?;.- 

Once the mapping has been completed, other methods or systems may be used for 
the Ught fixture's controls S determination of a 

desired color, ^d the production by the lighting ^ture of that ^ 

MFIG. 8a shows oiie embodiment of the system (2000) where a control system(2030) 
15 maytoe used in coqunctidn with a lighting fixture (2010) to enable control off the fighting ■ 
fottire^(2010) ;i (2030)may be automatic, may accq>t ^ user, 

oranayibe ^combination of ^ The system (2000) may ^so include a processor 
^(2Q20)iw^ 

20 & * ^ ; 
interface controksystem (2032) with which a user may select a desired color of light is used 

This,may*e the us^irite^^ 
interface. The interface could enable any type of user interaction in the determination of 
coloh^Torexample- the interface^m diagram, or other 

25 colbr ^hemeifi^^^^ a mouse on a 

suitable color or color temperature on the interface, changing a variable liking a keyboard, 
etc. The interface may include a display screen; a computer keyboard, a mouse, a trackpad, 
"\ ^^'^ 

^0 embodiments^the systenr may permit a user to select a set of colorsifor repeated use, 

aa^tap^le^dte^ 

1 
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color names with approximate shades, converting color coordinates from one system (e.g., 
RGBi GYM, YIQ, YUV, HSV, HLS, XYZ, etc;) to a different color coordinate system or to 
a display or illumination color, or any other conversion function for assisting a user in 
manipulating the illumination color. The interfacfe may also include one ^ 

5 form equations for converting from, for exam^^ 

(associated with a particular color of white light) into suitable signals for the different 
component illumination sources of the lighting fixture (2010). The system may further 
include a sensor as discussed below for pn>y^g ihfen^on to the processor (2020), e.g., 
for automatically calibrating the color of emitted Ught of the Ughting fixture (2010) to 

10 achieve the color selected by the user on the interface. 

In another embodiment; a m^ used in the system 

(2000), as depicted in FIG. 10a^ such as a dial, slider, switch, multipole switch, console, 
other lighting control unit, or any othCT contrpller or combina^ a 
user to modify the illumination conditio^ 

15 appearance of a subject being illuminate 

used in a system to modulate &e net color spectnm 

color temperature curve, or any other modulation o£^^ .. 
Alternatively trackball, trackpad, mouse, thumbwheel, ^ 

or a console with two or more sliders, dials, or other controls may be used to modulate the 
20 color, temperature; or spectruriLv These manuaicontrols may be used in conjunction witha 
cpm^ \ 
independently, possibly with rela^ user to: scan.through an available 

? so j©n^sticb^ahual con , 
25 (x>ntrol unit features a dial marked to indicate a range .of color temperatures, e.g., firom 
3000K to 10,500K; TO 
range of temp^^ 

be understood by one of skill in the arti that bro^ 
be employ^ and a similar system ro^ beemployrf to contra^ 
30 pr^nqt iindu^gxwhite, A manual control system 

vv (2036) may be included as part of ^apnKesso 
• r? L i^apitKJessb^ a peripheraLcomponent of a lighting control system* disposedon a 
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remote control enable of transmitting a signal, such as an infrared or microwave signal, to 
a system controlling a lighting unit, or employed or configured in any other manner, as will 
readily be Understood by one bf skill in the art Additionally, instead of a dial, a manual 
control system (2036) may employ a slider, a mouse, or any other control or input device 
5 suitable for use in the systems and methods described herein. 

In another embodiment, the calibration system depicted in FIG. 7 may function as a 
control system or as a portion of a control system. For instance a selected color could be 
• input by the user and the calibration system could measure the spectrum of ambient light, 
compare the measured spectnnri with the select 
10 produced by ^ minimize the difference 

between the desired spectrum and the measured spectrum. For example, if the measured 
spectrum is deficient in red wavelengths when compared with the target spectrum, the 
processor may increase the brightness of red LEDs in the lighting fixture, decrease the 
brightness of blue and/g^^ fixture, or both, in order to minimize the 

15 difference between the measured spectrum and the target spectrum and potentially also 
achieve a tairget brightness (i.e. such as the maximum possible brightness of that color). 
The system could also be used to match a color produced by a lighting fixture to a color 
existing naturally. For instance, a film director could find light in a location where filming 
does not cKxiir and meas^ 
20 color which is to be produced by the lighting fixture, Iirone embodiment* these tasks can 
be performed simultaneously (potentially using two separate sensors). In a yet further 
embodiment; the director-can™ 
i ^ 

555 i Ssetlhe lighting fixture to mimic the light recoideA^ 
v % : "memory of desired Ughting^ which can^^b^ 
such as those described above. 

The sensor (2034) tised to measure the illumination conditions may be a photodiode, 
^£ pfc^ colorimeter, a spectral 

30 i^ometer, a camera;;a combination of two or more of the preceding devices, or any other 

f 'systm enable of measunng the ^ An 
M ?m offered for sale by 
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International Light Inc. although any other sensor may be used. A colorimeter or spectral 
radiometer is advantageous because a number of wavelengths can be simultaneously 
detected; permitting accurate measurements of color and brightness simultaneously. A color 
temperature sensor which may be employed in the systems and methods described herein is 
5 disclosed in U.S. Patent No. 5,521/708. 

In embodiments wherein the sensor (2034) detects an image, e g., includes a camera 
or other video capture device, the processor (2020) may modulate the illumination 
conditions with the lighting fixture (20 1 0) until an illuminated object appears substantially 
the; same, e.g., of substantially the same color, as in a previously recorded image. Such a 
10 system simphfies procedures employed by cinematographers, for example, attempting to 
produce a consistent appearance of an object to promote continuity between scenes of a 
film, or, by photographers, for example, trying to reproduce lighting conditions fiom an 
earlier shoot 

In certain embodiments, the tighting fixture (2010) may be used as the sole light 
15 c&urce,^ as is depicted in FIG 8b, the lighting ; h 

fixture (20^^ an 
incandescent* flupi^ 

(including those with and without control); lights that are controlled wi^ 
~ ? modMatio^ 

20^ >^ v 
portions of the spectrum may be. supplemented with an lighting fixture emittingprimarily 
red wavelengths to provide, illumination conditions more closely resembling natural 
suhlight£Similarly y such a system may also be useful in outdoor image capture situations, 

%uv. dbecause^tbe^color tempera^ changes. A 

25 lighting fixture(2010) may be usedin,conjimctioniWth a^ 

to compensate for changes in sunlight to maintain constat illumination conditions for the 
duration of a session. ov^S 

v Any of the above systems coiild be deployed h^the system disclosed in FIG 11. A 
j Jigbtii^ are 

30 ^ Iteihghtwi^^ (or on a 

particular legation such as,the stage (2305) depicted here) is now desired to mimic another 
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(2309) is measured and recorded. This recording is then provided to central control system 
(2303). A second sensor (which may be the same sensor in one embodiment) (23 1 7) is 
present on the stage (2305). The central control system (2309) now controls the intensity 
and color of the plurality of lighting fixtures (2301) and attempts to match the input 
5 spectrum of said second sensor (23 17) with the prerecorded natural sunlight's (2309) 

Spectrum. In this maimer, interior lighting design caii be dramatically simplified as desired 
colors of light can be reproduced or simulated in a closed setting. This can be in a theatre 
(as depicted here), or in any other location such as a home, an office, a soundstage, a retail 
store, br any otlier location where artificial lighting is used. Such a system could- also be 
10 usai in conjunction with other secondary light sources to create 
The above systems allow for the creation of Ughting fix t^ 
of spectrum. It is often desirable to produce light that appears **hattural" or light which is a 
high-quality, especially white light 

A lifting fbctiire which p white tight a^ording to the ^ can 

15 ^irfpirasfe any collection ctfctfmpM^ sources such that the area defined by the 

^ thfeblack 

thatt shows dififerent oolorwUte li 
^tteregartls to the tdnperatiiit 6 Inaprefdred'm^ 
^ bl&k body curve wWld be enc^ lighting fixture tb produce any 

For a variable bolorw^ 
" ^ ^ whites 
^^^^ 

25 *£BD^mFIG.^6^ 
: ^11^ 
^ptoim 

l>mnt^buld%e uked (two other points are shown in FIG 1 . corresponding to a fire glow and 

iablelc^^duce 54Q0K 
30 light at a Wgh intensity, m additi 
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Although this system generates white tight with a variable color teniperatoe, it is 
not necessarily a high quality white light source. A number of combinations of colors of 
illumination sources cain be chosen which enclose the black body curve, and the quality of 
the resulting lighting fixtures may vary depending on the illumination sources chosen. 

5 Since white light is a mixture pf different wavelengths of light, it is possible to 

characterize white light based on the component colors of light that are used to generate it. 
Red, green,' and blue (RGB) can combine to form white; as can light blue, amber, and 
lavrader, or cyan, magrata and yellow. Natural white light (sunlight) contains a virtually 
continuous spectrum of wavelengths across the human visfoleb^ This can 

10 ^seen by exa^mng sunlight through a prism, or looking at a r^bow.* Many artificial . 
white lights are technical^ 

different when shown on c»lqi^ ^aces because they lack a virtually continuous , 

SpeCtrUm. *y, -;.yrji 

v -As an extreme exampteone <^ (or 
15 v other narrow band optical sources) with 
i v^ave an extremely nairo 

they 

as v^te^gh^The 

intensity levels of^esejtw^ 
20 white light that appears to have a color temperature of 50001^ If this source werp^directed at 
va^teisur^ 

♦ whCTishpwn on a colored :siirface. Aeolor^surf^ 

25 

i & v siir^ fairiy deep^green iirfull- 

301) #descri^ , v ; 

Furtheiysince theX^ 
mathematical loopholes in the method. Since the spectrums for CRI color samples are 
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faiown, it is a relatively straightforward exercise to determine the optima] wavelengths and 
minimum cumbers of narrow band sources needed to achieve a high CRI. This source will 
fool the CRI measurement, but not the human observer. The CRT method is at best an 
estimator of the spectrum that the human eye can see. An everyday example is the modem 
5 compact fluorescent lamp. It has a fairly high CRI of 80 and a color tehq>erature of 2980K 
but still appears unnatural. The spectrum of a compact fluorescent is shown in FIG. 27. 

Due to the desirability of high-quality light (in particular high-quality white light) 
that can be varied over different temperatures or spectrums, a further embodiment of this 
invention comprises systems and method for generating a higher-quality white light by 
10 mixing the eliectromagnetic radiation from a plui^ty of component illumination sources 
such as LEDs. This is accomplished by choosing LEDs that provide a white light that is 
i 'targeted toithe biiman eye's interpretation of light, as well as the mathematical GRI index. 
That light can then be m axim iz ed in intensity using the above system. Further; because the 
ccMofcte^^ light can therefore 

15 ^Ubave^ 
icanpi^uceM^ 
T^ 

ability*^ ahddeterrnine wh^ makes a Ught higH^uality. 

^ q Init^^ 

so objects:^ a 
- sees.^ Generally the highest quality white 

accepted that sunlight is a 

25 ^ 

response can ^ for the eye, meaning that it ; - 

^ This 

sensitivity can be repressed graphically as thespec^ 
• #M&SB^^ to compriseonly what the 
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human eye can "see.? In another embodiment of the inv<^tion, itc^^ 
high-quality white light may contain electromagnetic radiation which cannot be seen by the 
human eye but may result in a photobiological response. Therefore a high-quality white 
light may include only visible light, or may include visible light and other electromagnetic 
5 radiation which may result in a photobiolpgicalires^nse. This will generally be / 
electromagnetic radiation less than 400 nm (ultraviolet light) or greater than 700 nm 
(infrared light). 

Using the first part of the description, the source is not required to have any power 
above 700 nm or below 400 nm since the eye has only minimal response at these 
10 wavelengths. A high-quality source would preferably be substantially continuous between 
these wavelengths (otherwise colors could be distorted) but can fall-off towards higher or 
lower wavelengths due to the sensitivity of the eye; Further, the spectral distribution of 
different t^peratures of white li^ be different yTo iUustrate;tW 
bdistributioh&to (603) 
15 areshown ih<FIG^3 alohgwito the ^e<^ 

As seen in FIG. 13, the 5000K curve is smooth and centered about 555 nm with 
only a slight fall-off in both the increasing and decreasing wavelength directions. The 
2500K curve is heavily weighted towards higher wavelengths. This distribution makes 
sense intuitively, since lower color temperaturesappear to be yeUowKo^reddishi .One point 
20* ; that arises from the observation of these ctlrves^jagainst the spectralluminosity curve, is that 

byone"ofHb^sources<^ Any holes, i.e.» atsas with 




b/Ihisis whyiftaaySwhite" 



light sources seem to disrupt colors. Since the blackbody curves are continuous, even the 
25 ^drai^c change 

appear warmer but not devoid of color. This comparison shows^that an important 
c.;.; -.t specification of my^gh^qudity^artifici^ 
^ ■* photopic response of the humai^ observer* ^ v 

Having examined these relationships of the human eye, a fixture for producing 
30 contrpllafclefftgh^u^ would need to haye the following characteristic. The 

^ght?h^ 

^ \^e^f$^ is less responsive. In 
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addition, in order to mak a high-quality white light controllable over a rahgeof 
temperatures, it would be desirable to produce a light spectrum which can have relatively 
equal values of each wavelength of light, but can also make different wavelengths 
dramatically more or less intense with regards to other wavelengths depending on the color 
5 temperature desired. The clearest waveform which would have such control would need to 
mirror the scope of the pbotopic response of the eye, while still being controllable at the 
various different wavelengths. 

As was discussed above, the traditional mixing methods which create white light 
can create light which is technically "white" but still produces an abnormal appearance to 

10 the human eye. The CRI rating for these values is usually extremely low or possibly 

negative. This is because if there is not a wavelength of light present in the generation of 
white light, it is impossible for an object of a color to reflect/absorb that wavelength. In an 
additional case, since the GRI rating relies on eight particular color samples, it is possible to 
get a high G3U, while not having a particularly high-quality light because the white light 

15 "function^ well for those particular color samples specified by the <3RI rating. Thsrt is^ a high 
CRI index could be obtained by a white light composed of eight 1 nm sources which were 
p^ebtly^Med up w «ight GRI coloir structures. This would; however, not be a high- 
qui^ty ligh^ ^u^ for illUi^aiting other colors: : ^ 

20 that is fabl Mgfc^iiMity; ^thbti^ the light fircmi a fluores*^^ white^ it is comprised 
of mahy spikes ^ 

^ deigned that whCTmieasiu^ using the CW sanipl^ they yield a high rating. In other 

white light that is usable but not optimal (i.e., it appears artificial). The dramatic peaks in 
&— { #^ of the 

reason that fluorescent light looks very artificial. Even if light is produced within the 
spectral valley^ it is so dominated by to peaks that a human eye has difficulty seeing it. A 
- : ltigfr-qii&lty this disclosure without the dramatic 

peaks and v^Ieys of a^rdscra^ ^ - ■ ■■ ^.^ ■ ■ ■ ■ ..- ^ 

30 A spectral peak'is the point of int^ which has less 

* intensity alp^ side of it. A maximum spectral peak is the highest 
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within a chosen portion bfcthe electromagnetic spectrum, only a single maximum^peak, or to 
have no peaks at all. For instance, FIG. 12 in the region 500 ran to 5 10 nm has no spectral 
peaks because there is no point in that region that has lower points on both sides of it 

A valley is the opposite of a?peak and is a point that is a minimi^ and haS ipoints of 
5 higher intensity on either side of it (an inverted plateau is also a valley). A special plateau 
can also be a spectrum peak, a plateau involves a series of concurrent points of the same 
intensity with the points on either side of the series having less intensity. 

It should be clear that high-quality white light simulating black-body sources do not 
have significant peaks and valleys within the area of the human eye's photopic response as 
10 is shown in FIG. 13. 

Most artificial light, does however have some peaks and valleys in this region such 
shown in FIG* 27^ 

especially tmeforMgh^ liglitthe 
continuous line has a positive upward slope with no peaks or valleys and shallow valleys in 
15; , the shorter wavelength s 

wavdengths. /v*.. 

Totakem^ *e 
following is desirable in a high-quality white light of one embodiment s this invention. 
^The^owestv^^ intensity 
m m attributaM^ 

^ii^ep desin^^ the lowesfevalley and Aemaximum^p^feand 

oth^^bodim 33%, 
.. ;rSQ?/tf^5md,75%^ofth©m that 

potl^per^ ^ ? I- 

25 In another embodiment, it is desirable to mimic the shape of the black body spectra 

at differrat temperature^ for higher temperat^ (4,C^^ 
j the pe^^and yaUeys analysistabove. For/lower temperatui^ 

desirable in one embodiment for color temperatjuss less than ?500k- In another , i a 

30 yieirt^^ 

r T^spectiumrth^ 
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spikes. Further, to be controllable, the light should be able to produce a spectrum that 
resembles natural light at various col r temperatures. Due to the use of mathematical 
models in the industry, it is also desirable for the source to yield a high CRI indicative that 
the reference colors are being preserved and showing that the high-quality white light of the 
5 instant invention does not fail on previously known tests. 

In order to build a high-quality white light lighting fixture using LEDs as the 
component illumination sources, it is desirable in one embodiment to have LEDs with 
particular maximum spectral peaks and spectral widths. It is also desirable to have the 
lighting fixture allow for controllability, that is that the color temperature can be controlled 

10 to select a particular spectrum of <4 white" light or even to have a spectrum of colored light in 
addition to the White light It would also be desirable for each 6f the LEDs to produce equal 
'i^ensitibs^li^ht to aUoiv&rea^ mixing; 

One system for creating white light includes a large number (for example around 
300) of LEDs, each of which has a narrow spectral width and each of which has a 

15 maximum spectral peak spanning a predetermined portion of the range from about 400 nm 
td about 700 iim, possibly with some overlap, and possibly beyond the boundaries of visible 
light. This light source may produce essentially white light, and may be controllable to 
produce any color temperature (and also any color). It allows for smaller variation than the 

20 ttiiffi^ 

^Ixh^ LEDs when pen^tidn by humans is the focus. 

In another embodiment of the invention, a significantly smaller number of LEDs can 
^$e lisfefl to^raer^e a high-quality white 

25 jpecti^^ 

recognized here that a nine LED lighting fixture does not necessarily contain exactly nine 
^ ^ It contains some number of each of nine different colored 

Illuminating ^uirces^ TWs nuni^ar will usually be the same for each color, but need not be, 

30 solidlm^ (703)m^ of all of the LED spectrums at equal power 
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relative intensities of the nine LEDs. FIGS. 15a and 15b are spectrums for the 5O0OK(8Ol) 
and 2500K (803) white-light from this: lighting fixture. This nine LED lighting fixture has 
the ability to reproduce a wide range of color temperatures as well as a wide range of colors 
as the area of the CEE diagram enclosed by the component LEDs covers most of the 

5 available colors. It enables control over the production of nor*-continuous spectrums and 
the generation of ^particular high-quality colors by choosing to use only a subset of the 
available LED illumination sources. It should be noted that the choice of location of the 
dominant wavelength of the nine LEDs could be moved without significant variation in the 
ability to produce white light. In addition, different colored LEDs may be added. Such 

10 . additions may improve the resolution as was discussed in the 300 LED -example above. 
Any of these light fixtures may meet the qi^^s^d^tds above, They ma^produc^a 
spectrum that is continuous over the photopic response of the eye, that is without dramatic 
peaks, and that can be controlled to produce a white light of multiple desired color 
temperatures. ■ • .- .>, .. f -. ; ^. 

15 The nine LED white light source is effective since its spectral resolution is sufficient 

tO:acqitf^efy However, 
fewervLERs:rnay b^ used. J£the specificationsof high-quality white light are 

followed* the fewer LEDs may have an increased spectral width to maintain the 
substantially continuous sp^trum that fills the Photopic response of the eye. The decrease 

20 cQidd be fiom^m^ 

mixing and jhttd^^ conlroJIs^ at 

Qneembodi^ different colored LEDs. 

Three LEDs allow for a twpjdimensional area (a triangle) to be available as the spectrum for 
25; the resultant fcture. One embqdiment of a three LED source is shown in FIG. 16.. 

The additive spectrum of the three LEDs (903) offers less control than the nine LED 
lighting fixture, but may meet the critma for a U^-quatity white light source as discussed 
above. The spectnim may be continuous without dramatic peaks. It is also controllable, 
sinc€*thetri This; source may 

30^> to^ a greater 

but the ppwer of 

ithese LEDs can stiU be control!^ to sim^ of different color temperatures. Such 
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an alteration is shown in FIGS • 17a and 17bfbr SOOQRflOOI) 2500K (1003) sources. 
One skilled in the art, would see that alternative temperatures may also be generated. 

Both the nine LED and three LED examples demonstrate that combinations of LEDs 
canbeusedto^ the photopic 

5 response of the eye and are continuous, which means they appear more natural than 

artificial light sources such as fluorescent lights. Both spectra may be characterized as high- 
quality since the CRIs measure in the high 90s. 

In the design bfa white fighting fixto^ lack of current 

availability for LEDs with a maximum spectral peak of 555 nm. This wavelength is at the 
10 center of the Photopic xe^onse df tKe eye and one of the clear^ colors tdtheeye. The 
introduction of an L^ with a dominant wavelength at or'heair 555 nm would amplify the 
gerii^Gn<^E^ such an ^ comprises 

one^bodiment of ^ In^offieir embd^ri^ nomLED 

illumination source that produces light with ^ maximum s^tfal peak from about 510 nm 
15 to &>duit$70 nm could also be used to mi this particul^ In a still further 

this noh^LED source could comprise an existing white light source and a filter 
: light source have a maximum spectral peak in this general area. 
In another embodiment high-quality white light may be generated using LEDs 
vrt fliout spc^^ ipeate around 555 nm tocfiM iii thegap in the Photopic revise left by the 
20 ^s fetofittthe^w^ 

soufe6i Anbther; as described bdbW^sthafca high^bality controllable white light source 
call be gen^ated using a collection offone 6r more different colored LEDs where none of 
^thg ; L^ 

25 ^geofcolopt 

about 4500K which is commonly used by lighting designers in industry, Hbweveii^ny 

10,000K 

30 ^ ^ The overall 

- ^^alri^I^^^^S^fidai^ ahighCW(gi^ter^ 
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(greater than 50) at 2300K may be specified although again any^value could be chosen. 
Peaks and valleys may also be minimized in the range, as much as possible and particularly 
to have a continuous curve where no intensity is 0. 

In recent years, white LEDs haveibecome available. These LED$ operate using a 
5 blue LED to pump a layer of phosphor. The phosphor down-converts some of the blue light 
into green and red. The result is a spectrum that has a wide spectrum and is roughly 
centered about 555 nm, and is referred to as "cool white " An example spectrum for such a 
white LED (in particular for a Nichia NSP W5 1 0 BS (bin A) LED), is shqwn in FIG. 18 as 
thespectium (1201). ? ^ 

10 The sj^tnun (1201) shown in FIG. 18 is different from ^ 

spectrums for some LEDs. This is because not all of the pump energy from the; blue LED is 
down-converted. TTus has toe.effert^ spectrum since tl^ higher 

portion of the spectrum is considered to be warm. The resulting CRI f^^^LSC^s 54 but 
it has a color temp^ture of20,000K. Therefore the LED on i|te owii 4f>es not meet the 
15 above lighting criteria. This spwtnmi (1201) contain about 
450 ran and does not accurately fill the photppic response of the human eye. ^single LED 
also; allows for no control of color temperature and therefore a system of the desired range 
of color itemperatures cannot be generated with ^s LED alone. ] 
/ > ^Nichia C&emicalcui^^ 
20 ThaLED;^ fajhe-c^ 

f is bin C (the spectni^ The GM of this>LED is 

> ?also &4;*ith^ 

Usingfaie&n^^ CT^jQ?t^iS^p^;to fiU^hc^^eCtrum 

anaundtte nm; Howeyi^lfee lG^esl?a^hievable color 

25 ^ 

entire range of color temperatures previously discussed. This combination will appear 

t ^ u$ing<an optical high-pass filter 

30 placed over the LEDs. IHiiais essentially 
to;ehab^ 

filter's transmission is shown in FIG. 2ft as lme (1401). ^tifcd/fUter$ are known to the art 
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and the high pass filter will generally comprise a translucent material, such as plastics, 
glass, or other transmission media which has been tinted to form a high pass filter such as 
the one shown id FIG. 20. One embodiment of the; invention includes generating a filter of 
a desired material (to obtain particular physical properties) upon specifying the desired 
5 optical properties. This filter may be placed ova: the LEDs directly, or may be filter (391) 
from the lighting fixture's housing. 

One embodiment of the invention allows for the existing fixture to have a 
preselection of component LEDs and a selection of different filters. These filters may shift 
the range of resultant colors without alteration of the LEDs. In this way a filter system may 
10 be used in conjunction with the selected LEDs to fill an area of the CIS enclosed (area 
(510)) by a light fixture that is shifted with respect to the LEDs, thus permitting an 
additional degjree of control, In one embodiment, this series of filters could enable a single 
light fixture to produce white light of any temperature by specifying a series of ranges for 
various filtOT whibh, when combined, enclose the white line. One embodiment of this is 
15 ^howh in FIG. 30 Where a selection of areas (3001, 301 1, 3021, 3031) depends on the 
choice of filters shifting the enclosed area. 

This spectral transmission measurement shows that the high pass filter in FIG. 20 
absorbs spectral power below 500 nm. It also shows an overall loss of approximately 10% 
WMchis«|)^ 
20 ^ 

to be expected thafthe light passing through any substance will result in some decrease in 

.-intensity:^^^ v4*JSiVtfyi ^.t^W^'^m ;i ^ohh--. , : : • .. ? ; tVV 

^ shift the color 

25 ((1201) md (I30t^(^truim 21b. 
The ad 

20,00^^4745K^ are shifted from <0^7i(K2A) to^035; 

tt37)!M 

30 ' ^ 

^these^tin^isare compa^oii the Cffi 1931 CluomaticityM^ flG. 22 is a close-up of 
' thfe ^ 



WO 01736864 



PCT/US00/31877 



-37- 

colors of ideal sources called b^ (1603) highlights the section of 

the locus that corresponds to the range from 2300K to 4500K. 

/FIG.; 22 illustrates how large of a shift can be achieved with a simple high-pass 
filtor. By effectively "warming up" the set of Nichia LEDs, they ^ brought into a 
5 chromaticity range that is useful for the specified color temperate range and are 

suitable for one embodiment of the invention. The original placement was dashed 
line (1665), while the new color is represented by . line (1607) which is within the correct 
.-.region. : ", ■<■•■ 

In one embodiment, however, a nonrlin^ i^ge of color temperatures may be 
10 generated using more than two LEDs. .r-iy 

The argument could be made that even a linear variation closely approximating the 
desired range would suffice. This realization would call for an LED close to 2300K and an 
LED close to 4500K, however. This could be achieved two ways. One, a different LED 
could be used that has a color temperature of 23 00K. Two, the output of the Nichia bin C 
15 LED could be passed through an additional filter to shift it even closer to the 2300K point. 
Each of these Systems comprises an additional-embodiment of the instant invention; . 

- Thi^LED should have a c^ 
blackbody locus. The Ag^ 8amber LED, with; a dominantwayelength of 

20 SW^,*^ A^lentamlKWVto the 

r ssetofNicM 

The range (1701) produced using these three LEDs completely encompasses the 
dblack^^ using these 

LESsima^ correct chromaticity 

25 values. T*^Spectni^f <heiight^at 230QK y (2203)^ 26a and b 

3 ^ow spectra w^ white light, both spectra are 

continuousand the 50001^ show the peaks present in other lighting 

^fixtur^ 

any valleys at lower wavelengths than it's maximum peak. The light is also controllable 
v yeol r temperatures -According t the software program that;accpmpanies^e GIB 13.3- 
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1995 specification; the CRI for the 2300K simulated spectrum is 52 and is similar to an 
incandescent bulb with a CRI of 50. The CRI for the 4500K simulated spectrum is 82 Mid is 
considered to be high-quality white light These spectra are also similar in shape to the 
spectra of natural light as shown in FIGS. 26a and 26b. 
5 FIG. 24 shows the GRI plotted with respect to the CCT for the above white light 

source. This comparison shows that the high-quality white light fixture above will produce 
white light that is of higher quality than the three standard fluorescent lights (1803), (1805), 
and (1 809) used in FIG. 24. Further, the light source above is isignificaritly more 
controllable than a fluorescent light as the color temperature can be selected as any of those 

10 points on curve (1801) while the fluorescents are limited to the particular points shown. 
The luminous output of the described white light lighting fixture was also measured; The 
luminous output plotted with respect to the color temperature is given in FIG. 25, although 
the graph in FIG. 25 is reliant on the types and levels bfpower used in producing it, the 
ratio may remain constant with the relative number of the different outer LEDs selected. 

15 ^Thefulton^ 

«f the liEDis present -Vi /;■ 

It would be understood by one of skill in the art that the above embodiments of 
%M methods could also include LEDs or other component illumination 

20 5 embodiments could also include illumination sources with araaximum spectral peak below 

" M " -Ahigh^uaJit^ In 
* f ^ %tie embodirii replacing 

^ existing device designed to use fluorescent tubes. 

^^tttardevice configured foacc^tfl^^^ may 
irifcli^ 

^ one tube (2404) which has traditionally been a 

: flii(^^ 

30* ^connttted w^ The external power supply may be a building's 
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removal of tubes (2404). These connections deliver ^theTOqmsiteipow^ to 
magnetic ballastedsystenv the ballast (24 1 0) may be a transformer with a predetermined 
impedance to supply the requisite voltage and current The fluorescent tube (2404) acts like 
a short circuit so the ballast's impedance is used to set the tube current. This means that 

5 each tube wattage requires a particular ballast. For example, aforty-watt fluorescent tube 
will only operate on a forty-watt ballast because the ballast is matched to the tube. Qther 
fluorescent lighting fixtures use electronic ballasts with a high frequency smewave output 
to the bulb. Even in these systems, the internal ballast impedance of the el wtromc b^last 
still regulates the cuirent through the tube. 

10 FIG. 2ft shows one embodiment of a hgljtmg fixture accordm 

which could be used as a replacement florescent tube in a housing such as the one in FIG. 
28. The lighting fixture may comprise, in one embodiment; a variation on the lighting 
fixture (5000) in FIGS. 5a and 5b. The lighting fixture can comprise a bottom portion, 
(1101) with a genei^ly rounded underside 

15 (1 105). The lighting fixture alsp comprise a top portion (11 11). with a g^eraUy.ip^mded 
upper portion (1 113) and a generally flat connection surface (1 1 1 5); Th^ top portion (1 111) 
will vgenerally be comprised of a to allowing light 

transmission and may comprise a filter similar to filter (391). The^lat conpe^ 
(1 1 05>andc(M 1 5) camibe placed together to form a gen^ 

20 :i<^ 

portion (1101) is a lighting fixture (1 150) which comprises a geiseiiaJly Kict^ 
rii m^ an LED 

(1155). TWsco^^ 
. 3! ^fcousing^th^ 
25'.} 8$ strip is shc^^ 

of arrangement of ^ 

cpmpcmentliEDs^ 

*cotorapfIM)s^ 

have man&J^^ \ 
30 ^ a^era{20^^^^ Tlus circuit 

mayicon^ 

i ^ may cdntrot the IiEDStM55) with constant D.C voltage orvcontrql circuit (251Q) may 
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gradate control signals to operate the LEDs. In a prefeired embodiment; the contox>l circuit 
(25 10) would include a processor for generating pulse width m dulated control signals, or 
other similar control signalsi for the LEI>s. 

These white lights therefore are examples of how a high-quality white light fixture 
5 can be generated with component illumination sources, even where those sources have 
dominant wavelengths outside the region of 530 nm to 570 nm. 

The above white light can cont^ programming which enables a user to easily 
control the light and select any desired color temperature that is available in the light In 
one embodiment, the ability to select color temperature can be encompassed in a computer 



10 



15 



iniei^ »(5>10^)r .(6.4*l6^)T 2 + (23)T - 2503.7, [1] 

Intaisity of Warm Nichia LED (T) = (9.5* lO^T 3 - (1 .2* 1 <T 3 )T 2 + (4.4)T - 52 1 5.2, [2] 
Intensity of Cool Nichia LED (T) = (4 7* 10^)T 3 - (6.3*i6*)T* + (2.8)f . 3909.6; [3] 

0.-, A^ereX 

: V .„.. These equations may be applied directly or may be used to create a lookup table so 
that binary values corresponding to a particular color temperature can be determined 

ruse in controlling 
p, the control described in US Patent 




20 iDIP switch^ enabling it to operate in a stand-alone mode, whore a desired color 



we. 



be ranotely programmed to operate in a standalone mode as 

The lighting fixture in HG. 29 may also comprise a program^ OT^ 
25 This switch may be a selector switch for selecting the color temperature, color of the LED 

tions. For example, the switch may have multiple 



^^ggpg^^ LED system to produce 3200K 
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Some fluorescent ballasts also provide for dimming where a dimmer switch on the 
wall will change the ballast output characteristics and as a result change the fluo^^ 
light illumination characteristics. The LED lighting system may use this as information to 
change the aiumination characteristics. The control circuit (25 10) can monitor the ballast 
5 characteristics and adjre The LED 

system may have lighting control signals stored in memory within the LED lighting system. 
These control-signals may be preprogrammed to provide dimming, color changing, a 
combination of effects or any other illumination effects as the ballasts* characteristics 

change. . .. * : - „ 

10 A user may deske different colors in a room at different times. The LED system can 

be programmed to produce white light when the dimmer is at the maximum level, blue light 
when it is at 90% pfmaxtoum, red light when it is at 80%, flashing effects at 70% or 
continually changing effects as the dimmer is changed, The system could change color or 
other lighting conditions with respect to the dimmer or any other input. A user may also 
15 want to recreate the lighting conditions of incandescent light One of the characteristics of 
; such lighting is&^ reduced; The incandescent 

light may be atiM poWSr but the color temperature will reduce as the power is 
reduced and it may be 1500K when the lamp dimmed to a great extent Fluorescent lamps 
doiMreMein^ 

20 la^s to caihbe 

prograi^^ ^ dimmed This 

known in the art, or any combination of methods. The LED system can be ^rtgrairimed to 
25 ^ : ' 

The LED ^em imy mbhide a receiver for teceivihg signals, a transducer, a sensor 
ot other ^ The receiver could be any reaver Subh as, but 

3<P ikl^^ m# ^oi>e receiv&a fiom a 

r iwtW a network where Moiimation is transmitted 

through a wireless system and the network could control the 
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throughout a building. This could be accomplished from a remote site as well as on site* 
This may provide for added building security or energy savings or convenience. 

The LED U^ting system ma^also include optics to provide for evenly distributed 
lighting conditions from the fluorescent lighting fixture. The optics may be attached to the 
5 LED system or associated with the system. 

The system has applications in environments where variations in available lighting 
may affect aesthetic choices. 

In an example embodiment, the lighting fixture may be used in a retail embodiment 
to sell paint or other color sensitive items. A paint sample may be viewed in a retail store 
10 under the same lighting conditions present where the paint will ultimately be used. For 
example; the lighting fixture may be adjusted for outdoor lighting, or may be more finely 
tuned for sunny conditions, cloudy conditions, or the like. The lighting fixture may also be 
adjusted for different forms of interior lighting, such as halogen, fluorescent, or 
incandescent lighting. In a further embodiment, aportable sensor(as discussed above) may 
1 5 be tiaki^ to a site where the paint is to be applied, and the light spectrum may be analyzed 
and recorded. The same light spectrum may subsequently be reproduced by the lighting 
fixture, so that paint may be viewed under the same lighting conditions present at the site 
where the p^'is^ The lighting fixture may similarly be usedifor clothing 

le appearance of a particular type and color of fabric may be strongly 
bghting conditions For example, a wedd^ 
tod^ lighting conditions expected at a wed ceremony, in order to avoid any unpleasant 
- isuipi^ of the a^liGatidris;or in conjunction 

. 

25 reproduce visual effects. In certain visual arts, such as photography, cinematography, or 
■ " theater, make-up is typically applied in a dressing room or salon; where lighting may be 
diffetht^^^^ 

^ ' " theiightirtgexp will be taken, or a performance given, so that 

30 ^bditeH^^ 
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Ih theatrical 

specific filters which can be pla<^ on white Ughting ins^ 
resulting shade. Th^ 

by selected companies. These filters are often classified by a spectr^ 

light, by proprietary numerical classifications, and/orby r^ an implication 

of the resulting light such as primary blue;* "stiaw; v or "chocolate." These filters allow 

for selection of a particular, reproducible color of light, but, at the same time, limit the 

director to those colors of filters that are available. In addition, mixing the colors is not an 

exact science which cm result in slight yari hghting fixtures are 

moved* or even change temperature, durmg^pe^rm^ 

embodiment there is provided a systrai for controlling iUumu^ a theatrical 

environment In another OTbodimmV^ system for controlling 

illumination in cinematography. ^ > .?? .\ 

; llie wide variety of light sources^avaUable p^blen^^ 
production in particular ^ in lighting between adjacent scenes caA dis^pt the 

contm^ createjarring efie^^fbtthe vfewCT.Cor^ting the^ghttogta, 

overepme;thesei^ 

environment's not always under the complete control of the for 
sample* varied 

wheniyeUpwr^ c , 

fluorescent Bght doe*not generally f#i6n the cob eurye^pften ^aytaig extra 

\ of^eispectnuft^ 




MiheSne^ 

wdesei^^ y^vy •S&M^sk*''/* :y '^: : . ;.. - 

L : ^ fluorKcaitbuIb ;typ<^, each providing a 

different colortqnperature^ 

tCTtperatur^ prediction and adjustment evep more^i^ftca^^ vapor 
^lamps^^^ ^ 
drastic^yiskew color>balance.|0^ internal pressures are mercury 

vapor lamps, tometimes\used*foHa^ These^an^result 
in a pronounced greenish-blue cast in video and film. Thus, there is provided a system for 
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simulating mercury vapor lamps, and a system for supplementing light sources, such as 
mercury vaj>or lamps, to produce a desired resulting color. These embodiments may have 
particular use in cinematography. 

To try and recreate all of these lighting types, it is often necessary for a filmmaker or 
theatre designer to place these specific types of lights in their design. At the same time, the 
need to use these lights may thwart the director's theatric intention. The gym lights flashing 
quickly on and off in a supernatural thriller is a startling effect, but it cannot be achieved 
naturally through mercury vapor lamps which take up to five minutes to warm up and 
produce the appropriate color light. 

Other visually sensitive fields depend on light of a specific color temperature or 
spectrum. For example, surgical and dental workers after require colored light that 
emphasizes contrasts between different tissues, as well as between healthy and diseased 
tissue. Doctors also often rely on tracers or markers that reflect, radiate, or fluoresce color 
of a specific wavelength or spectrum to enable them to detect blood vessels or other small 
structures. They can view these structures by shining light of the specific wavelength in the 
general area where the tracers are, and view the resultant reflection or fluorescing of the 
tracers. In many instances, different procedures may benefit from using a customized color 
temperature or particular color of light tailored to the needs of each specific procedure. 
Thus, there is provided a system for the visualization of medical, dental or other imaging 
conditions. In one embodiment, the system uses LEDs to produce a controlled range of 
tight within a predetermined spectrum. 

Further, there is often a desire to alter lighting conditions during an activity, a stage 
should change colors as the sun is supposed to rise, a color change may occur to change the 
color of a fluorescing tracer, or a room could have the color slowly altered to make a visitor 
more uncomfortable with the lighting as the length of their stay increased. 

The lighting systems and methods can be particularly useful in these above 
applications as well as other applications as would be understood by one of the skill in the 
art . _ ; 

All articles, patents, and other references set forth above are hereby incorporated by 
reference. While the invention has been disclosed in connection with the embodiments 
shown arid described in detail, various equivalents, modifications, and improvements will 
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be apparent to one of ordinary skill in the art from the abovedescription. Such equivalents, 
modifications, and improvements are intended to be encompassed by the following claims. 
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Claims - 

1 . A lighting fixture for generating white light, said fixture comprising: 

a plurality of component illumination sources, said plurality including component 
illumination sources producing electromagnetic radiation of at least two different 
spectrums, each of said spectrums having a maximum spectral peak outside the region 510 
nm to 570 nm; and 

a mounting holding said plurality, said mounting designed to allow said spectrums 
of said plurality to mix and form a resulting spectrum; 

wherein, said resulting spectrum is continuous within the photopic response of the 
human eye. ' . ; ., . ... 

2. The lighting fixture of claim 1 wherein said component illumination sources include 

LEDs. ".-•<-. /■■■■:■; J."../ ' , 

3. The lighting fixture of claim 1 wherein at least one illumination source is not an 

4. The lighting fixture of claim 3 wherein said at least one illumination source that is 
not m LED has a maximum ^&tral peak within the rc^ori 5 10 nm to 570 rim 

5. The hghtfog fixture of claim 1 wherein said white light can be generated at a color 
temperature within a preselected range of color temperatures. 

6. The lighting fixture of claim 5 wherein said range of color temperatures extends 
from above 500K to about 10,000K. 

7. The lighting fixture of claim 5 wherein said range of color temporatures extends 
from about 2300K to about 4500K. 



WO 01/36864 PCT/TUS00/31877 

-47- 

8. The lighting fixture of claim 5 further comprising 

A controller, said controller enabling a particular color temperature within said 
range of color temperatures to be selected, and to have said lijghting fixture produce said 
particular color temporature 



5 9. 

comprises exactly two different spectrums, 



10. 

comprises exactly three different spectrums 



11. 

10 region from 400nm to 700nm. 

1 2. The lighting fixture of claim 1 further comprising a filter effecting the spectrum of 
at least one of said plurality. 



13. 

fixture to produce a preselected range of color. 



15 14. 

different filters, 
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15. The lighting fixture of claim 1 wherein at least one of said component iUumination 
sources has a maximum spectral peak less than 400 nm. 

16. The lighting fixture of claim 1 wherein at least one of said component illumination 
sources has a maximum spectral peak greater than 700 nm. 

17. A lighting fixture comprising: 

a plurality of LEDs, each of said plurality producing one of three preselected 
spectrums, each of said spectrums having a maximum spectral peak outside the region 
bounded by 530nm and 570nm; 

wherein additive interference of said spectrums results in white light. 

18. The lighting fixture of claim 17 wherein at least one of said preselected spectrums 
has a maximum spectral peak of about 450nm. 

19. The lighting fixture of claim 17 wherein at least one of said preselected spectrums 
has a maximum spectral peak of about 592nm. 

20. The lighting fixture of claim 1 7 wherein said white light can be controlled to 
produce white light within a range of color temperatures. 

21 . The lighting fixture of claim 20 wherein said range of color temperatures extends 
from about 500K to about 10,000K. 

22. The lighting fixture of claim 20 wherein said range of color temperatures extends 
from about 2300K to about 4500K. 

23. The lighting fixture of claim 20 further comprising: 

a controller, said controller enabling a particular color temperature within said range 
of color temperatures to be selected, and a signal to be generated representing that color 
temperature; and 

a processor in communication with said plurality of LEDs, said processor capable of 
receiving said signal from said controller and controlling the intensity of each of said 
plurality of LEDs. 

24. An LED lighting fixture for use with a device designed to hold florescent tubes 
comprising: 

a mounting; 
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an LED mounted on said mounting; 

a connector mounted on said mounting, said connector capable of connecting with 
said device to provide power from said dey^ said LED; and: 

and circuit electrically connected to said LED and said device to convert said power 
5 from a ballast voltage to a DC voltage. 



. . • • • • ■ ' X--<-Y*\k > ... V:. .-• , i : 
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25. A iijghting fixture for replacing florescent tubes comprising: 
amounting; 

at least two component illumination sources mounted on said mounting; 
a connector mounted on said mounting, said connector capable of connecting with a 
5 device adapted for holding florescent tubes to receive power from said device and provide 
power to said at least two component illumination sources; 

a control circuit for controlling said at least two component illumination sources. 

26. The lighting fixture of claim 25 wherein said component illumination sources 
comprise LEDs. 

1 0 27. The lighting fixture of claim 25 wherein said control circuit comprises a processor. 
28; The lighting fixture of claim 25 fu^ housing for said mounting. 

29. The lighting fixture of claim 28 wherein said housing is generally cylindrical in 
. ;> shape.- . • ■ v, , v - : >V^v t - : ^ : , -y- ; \. :?• 

30. The lighting fixture of claim 28 wherein said housing includes a Biter. 

15 31. The lighting fixture of claim 24 wherein said housing is at least partially at least one 
;o£trans^ 

32. The lighting fixture of claim 25 wherein said control circuit can control said at least 
two component illumination^ sources based on the power pro lamp. 

33. The lighting fixture of claim 25 wherein said lighting fixture produces white light. 

20 34. A system for controlling illumination conditions, comprising: 

^ 

fixturfe;I>eiiig;0nsto 

a processor coupled to said lighting fixture for controlling said lighting fixture; and 
a controller coupled to the processor for specifying lUumination conditions to be 
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35. The system of claim 34 wherein said plurality of romponentillun^ation sources 
includes LEDs. 

36. The system of claim 34 wherein said controller includes at least one of computer 
hardware or computer software. 

5 37. The system of claim 34 whei^ said controller comprises a sensor. 

38. The system of claim 37, wherein the sensor comprises a photodiode, a radiometer, a 
photomet», a colorimeter, a spectral radiometer, or a camera. 

39. The system of claim 37, wherein the sensor comprises a spectral radiometer or a 

10 40; J Ttofrsystem of claim 34^ wherdn said plurality of cdmppnOTt iUumination sources 
include component illumination sources of at least three colors. 

41 . The system of claim 34, wherein the processor includes a memory of predetermined 
color conditions. 

42. The system of claim 34, wherein said memory includes a database. 

15 43. The system of claim 41, wherein the processor includes an interface-providing 
mechanism for providing a user interface. 

44. ^Tfce : syst^ 

color temperature spectrum, or a chromaticity diagram. 

45. The system of claim 34 wherein said controller includes a manual interface, 
from a sUdd^ a^ial; a switch, a to^ 

47 The system of claim 34 '--further comprising a second source of illumination. 

48. The system of claim 47 wherein said controUtf^e^ for 
> ~iiwd.i|Biiliii0 'iBarturB-lsased «kh ihe illuiniiiaticm oiT «aid;-K8iitiiis fixture and said second 
25 source of illumination. 
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49; The system of claim 47 wherein said second source of illumination comprises a 
florescent bulb, an incandescent bulb, a mercury vapor lamp, a sodium vapor lamp, an arc 
discharge lamp, sunlight, moonlight, candlelight, an LED display system, an LED, or a 
lighting system controlled by pulse width modulation. 

50. The system of claim 47 wherein the combined light from said lighting fixture and 
said second source is a desired color temperature. 

51. A method for controlling illumination conditions, comprising: 

generating light having color and brightness using a lighting fixture capable of 
generating a lijjht from within a range of colors; 
measuring illumination conditions; and 

modulating the color or brightness of the generated light to achieve a target 
illumination condition. 

52. The method of claim 51, wherein measuring illumination conditions includes 
detecting color characteristics oftlie illumination conditions using a light sensor. 

53. The method of claim 52, wherein detecting color characteristics of the illumination 
conditions includes using a photodiode, a radiometer, a photometer, a colorimeter, a 
spectral radiometer, or a camera. 

54. The method of claim 51, further comprising selecting a target illumination 
condition. 

55. The method of claim 54, wherein selecting a target illumination condition includes 
selecting a target color temperature. 

56. ; The method 61 claim 54, wherein selecting a target illumination condition includes: 
'■' :pn)vidiiigi an interface comprising a depiction of a color ^ 
: selecting a color within the color range. •' .-v; : J -kh : -iu^v i 1 

37- , method of claim 51 j wherein measuring illumination conditions includes 
visually evaluating illumination conditions, and modulating the color or brightness of the 
generated light includes varying the color or brightness of the generated light using a 
manual interface. 
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58: The method of claim 5 1,, wherein ineasuring^^ 

detecting color characteristics of the illumination conditions using a light sensor, and 
modulating the color or brighthess^of the generated light includes varying the a>lor or 
brightness of the generated light using a processor until color characteristics of the 
5 illumination conditions detected by the light sensor match color characteristics of the target 
illumination conditions. 

59. The method of claim 51, further comprising providing a second source of 
illumination. 

60. The method of claim 59, wherein the step of measuring illumination conditions 
10 includes detecting light generated by the Uniting fixture and by the second source of 

illumination. 

61 . The method of claim 59, wherein the second source of illumination comprises a 
fluorescent bulb, an incandescent bulb, a mercury vapor lamp, a sodium vapor lamp, an arc 
discharge lamp, sunlight, moonlight, candlelight, an LED lighting system, an LED, or a 

15 h^ 

62. lie method of claim 51, wherein modulating the color or brightness of the 
generated light includes varying the illumination conditions to achieve a target color 
temperature*^ ^ -y ,,v - 4 ". - : v=\v . : - . • ^ .■; ■■■■ - ' 

63. The method of claim 51 wherein said lighting fixture comprises one of a plurality of 

64. A method for designing a lighting fixture comprising: 

selecting a rdesirj^ be,produced<by said fixture; 

choosing a selectedia>lor of UghW^ when said 

lighting fixture is at maximum intensity; and ^ ^ h-*j{<$&u « ~ir> a; 
25 designing said lighting fixture from a plurality of illumination sources such that said 

ligiifi^S^^ sa«i selected color when at 

maximum intensity. 
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65. The method of claim 64 wherein said plurality of illumination sources includes 
LEDs; 

66. A lighting fixture for generating white-light said fixture comprising: 

a plurality of component illumination sources, said plurality including component 
5 illumination sources producing electromagnetic radiation of at least two different 
spectrums. 

a mounting holding said plurality, said mounting designed to allow said spectrums 
of said plurality to mix and form a suiting spectrum; 

wherein, the visible portion of said'iresulting spectrum has intensity greater than 
10 background noise at its lowest spectral valley. 

67. The lighting fixture of claim 66 wherein said resulting spectrum has intensity at its 
lowest spectral valley which is at least 5% of its intensity at its maximum spectral peak. 

68. The lighting fixture of claim 66 wherein said resulting spectrum has intensity at its 
lowest spectral valley which is at least 10% of its intensity at its maximum spectral peak. 

15 (59. The lighting fixture of claim 66 wherein said resulting spectrum has intensity at its 
lowest spectral valley which isatl^ 

'h:fVSv&. BThe lighfo^ wheitf n said resulting^^tn^^ at its 

lowest spectral valley which is at least 50% of its intensity at its maximum spectral peak. 

71. \The Ughting fixtiire of claim 66 wherein said resulting spectrum has intensity at its 
20 lowest spectral valley which is at least 75% of its intensity at its maximum spectral peak. 

72. The lighting fixture of claim 66 wherein said component illumination sources 
include LEDS. 

; . . ^3. ;, , The lighting fixture of claim 66 wherein said white light can be generated at a color 
• temperature within a preselected range of color temperatiires. 

I^i 74- ^ ^ light^g fixture of <claim 73 further comprising: 
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a controller, said controller enabling a particular color temperature within said range 
of color temperatures to be selected, and to have said lighting fixture produce said particular 
color temperature. 

75. The lighting fixture of claim 74 wherein the CRI of the lighting fixture at 4800K is 
5 at least 80. 

76. The lighting fixture of claim 75 wherein the CRI of the lighting fixture of 2300K is 
at least 50. 

77. The Ughting fixture of claim 66 wherein at least one of said plurality of component 
illumination sources includes a phosphor. 

10 78. The lighting fixture of claim 66 wherein at least one of said plurality of component 
illumination sources comprises an LED including a phosphor. 

79. The lighting fixture of claim 76 wherein said LED produces white light 

80. A lighting fixture for generating white light said fixture comprising: 

a plurality of component illumination sources, said plurality including component 
1 5 illumination sources producing electromagnetic radiation of at least two different 
spectrums; 

a mounting holding said plurality; said mounting designed to allow said spectirums 

wherein, said resulting spectrum does not have a valley at a longer wavelength than 
20 the maximum spectral peak within the photopic response of Jne human eye. 

8 1 . The lighting fixture of claim 80 wherein said component illumination sources 
includes LEDs. * ■•■ ■• 

82. The lighting fixture of claim 80 wherein said resulting spectrum does not have a 
valley at a longer wavelength than the maximum spectral peak in the area from 400 run to 

25 ■ 700 run. ^ ; ■;• >.,•-..< 

83. The lighting fixtureW^^ 

temperature within preselected range of color temperatures. 
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84. The lighting fixture of claim 81 wherein said range of color temperatures includes at 
least one color temperature from the range 500K to 2500K. 

85. A method for generating light comprising: 

mounting a plurality of component illumination sources producing electromagnetic 
5 radiation of at least two different spectrums in such a way mix the spec trams; and 

choosing said at least two different spectrums in such a way that the mix of the 
spectrums has intensity greater than background noise at its lowest valley. 
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